This study focuses on the microbial degradation of water hyacinth (Eichhornia crassipes) to vermicompost as a bioconversion strategy. Water hyacinth was vermicomposted using Eisenia Fetida earthworms loaded at a rate of 150 earthworms/L over a period of 35 days. The changes in water hyacinth total organic carbon (TOC), chemical oxygen demand (COD), total nitrogen (TP), and total phosphorous (TP) and total potassium (TP) were measured using standard methods. Linear models were generated using MATLab 13.0 to describe the changes in physicochemical properties with change in vermicomposting time using the regression coefficients (R 2 ) values. The TOC and COD decreased significantly by 60% and 53% as the water hyacinth was converted to vermicompost. The TKN, TP and TK increased by 93%, 127% and 98% respectively. Linear models developed indicated R 2 values of 0.9 for all the parameters.
Introduction
The vermicomposting technology is being used as a waste management tool (Suthar 2007; Gutie´rrez-Miceli et al. 2008) . During vermicomposting, earthworms ingest biomass to expel vermicasts, which are rich in total nitrogen (TKN), phosphorous (TP), and potassium (TK) (Shrestha et al. 2011) . The vermicompost produced can be used as a bio fertilizer as well as soil conditioner due to the high nutrient composition of vermicasts (Gajalakshmi et al. 2002; Bernal et al. 2009 ). The vermicomposting technology can be used for the management of water hyacinth, a highly lignocellulose material that contaminates water bodies (Gupta et al. 2006; Adi and Noor 2009) . Vermicomposting as a microbial process breaks down the components of the water hyacinth (Eichhornia crassipes) to a bio fertilizer (Patidar et al. 2013 ). This study looked at the degradation of water hyacinth through vermicomposting with an emphasis on the changes in the physicochemical parameters as the vermicomposting period increased. Furthermore, models on the variations of these parameters were presented, a knowledge gap has not been addressed in the current literature.
Materials and Methods
Water hyacinth was collected from a nearby dam (where it is an invasive species) and was precomposted for 2 weeks in order to catalyse the vermicomposting process. The water hyacinth was mixed with cow dung in the ratio 10:1 to increase the presence of microorganisms in the bio waste. Eisenia Fetida earthworms were introduced as the vermicomposting inoculum with 150 earthworms/L. Vermicomposting of water hyacinth was allowed to take place for a period of 35 days after the pre-composting. The pH of the vermicompost was measured using a Hanna HI 99121 pH probe. The total organic carbon (TOC) was measured using the Walkley-Black method, the total Kjeldhal nitrogen (TKN) was measured using the Kjeldhal method, total phosphorous (TP) was measured using the Olsen method and total potassium content (TK) was measured using a flame photometer. The detailed characterization of the vermicompost physicochemical were done in detail by Soobhany et al. (2017) . All parameter readings were taken thrice and an average value used.
Statistical analysis was used in determining the changes in the vermicompost physicochemical characteristics trends (Chikae et al. 2006) . Linear regression models were used to determine the Proceedings of the International Conference on Industrial Engineering and Operations Management Bangkok, Thailand, March 5-7, 2019 © IEOM Society International effect of vermicomposting on the water hyacinth physicochemical properties at 95% confidence interval. Accuracy of the models was quantified through regression coefficient values (R 2 ).
Matlab 2013's curve fitting toolbox was used for determining the polynomials as indicated by Equation 1.
Results and Discussion

Water hyacinth physicochemical characteristics
The physicochemical characteristics of water hyacinth are as indicated in Table 1 . These parameters were monitored during the vermicomposting period. The pre-composting (2 weeks) of the water hyacinth was necessary to enhance the decomposition of the water hyacinth to vermicompost. 
Effect of vermicomposting on TOC
TOC content in the water hyacinth significantly decreased with an increase in the vermicomposting period with an R 2 value of 0.983 ( Figure 1 ). Bangkok, Thailand, March 5-7, 2019 © IEOM Society International An overall decrease of 53% was observed for COD as the vermicomposting period increased.
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This trend was attributed to the reduction in biomass present in water hyacinth (Gajalakshmi et al, 2001) . The decrease in the COD followed a linear model with polynomial order 3 as indicated in Equation 3.
= −0.01919 3 + 1.012 2 − 24.43 + 832.7 … … … … … (3)
Effect on TKN
The TKN increased significantly with an increase in the vermicomposting period as indicated in TKN of the water hyacinth showed a 93% increase as the vermicomposting period increased and this was attributed to the mineralization of nitrogenous components during vermicomposting resulting in high TKN content. Earthworms also contributed to the high TKN content due to the release of nitrogenous waste during vermicomposting (Kaviraj 2003) .
Effect on TP
TP increased significantly with increase in the vermicomposting period of the water hyacinth as indicated in Figure 4 Proceedings of the International Conference on Industrial Engineering and Operations Management Bangkok, Thailand, March 5-7, 2019 © IEOM Society International The vermicomposting process enhances nutrient availability which maybe the case in vermicomposting of water hyacinth leading to increased TP. When vermicomposting occurs, various organic acids are formed due to the decomposition of the organic waste. Furthermore, the earthworms' intestines have the ability to convert the insoluble TP to soluble form (Adhami et al. 2014 ).
Effect on TK
TK content increased significantly as vermicomposting period increased as shown in Figure 5 with an R 2 value of 0.999. Proceedings of the International Conference on Industrial Engineering and Operations Management Bangkok, Thailand, March 5-7, 2019 © IEOM Society International The increase in the TK content was attributed to the critical role the earthworms and microbes played during the vermicomposting of water hyacinth. The production of acid by the microbes during vermicomposting potentially resulted in solubilisation of insoluble potassium hence the increase in TK (Garg et al. 2006 ).
Summary of findings
A summary of the changes in the water hyacinth characteristics are given in Table 2 . Proceedings of the International Conference on Industrial Engineering and Operations Management Bangkok, Thailand, March 5-7, 2019 © IEOM Society International In summary, the degradation of water hyacinth through vermicomposting results in a vermicompost that is rich in NPK.
Conclusion
Vermicomposting of water hyacinth presents an opportunity for management of lignocellulose waste to value added bio products like vermicompost. The vermicompost produced from water hyacinth was rich in TKN, TP and TK with an average composition of 2.96%, 1.25% and 2.82%
respectively. The change in the water hyacinth parameters accurately followed linear models. 
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